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(54) Method for manufacturing a plioto diode for a CCD Imaga senisor 

(57) A method for manufsKnuring a photo diode of a CCD image sensor, comprises the steps of forming an oxide layer on 
an N-type substrate; implanting ions into a selected portion of the M* type substrate to fonm a N* type buried region; 
growing a P type epitaxial layer between the N- type substrate and the oxide layer; forming type channel stop regions by 
implanting P* ions into selected portions of the P lype epitaxial layen and fonning a N^typo photo diode region and a . 
N- type wen between the P type channel stop regions, the photo diode being fbnned over the type buried regbn. 
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METHOD OF MANOFACTORING A PHOTO DIODE 
FOR A CCD I MAGE SENSOR 



The present invention relates to a method of 
manufacturing a photo diode for a charge coupled device 
(CCD) image sensor, and more pazrticularly to a method for 
manufacturing a photo diode so as to limit over .flow drain 
(OFD). 

Conventionally photo diodes in CCD image sensors ue 
constructed as shown in Fig. 1 or Fig. 3 and the process 
steps for fabricating the CCD image sensor, of Fig. 1 are . 
shown in Figs. 2A to 2D. As shown: in. Fig. 2A, a P type 
well region 2 is formed on Nl^typer substrate 1 and an 
oxide layer 3 is formed on the P type well region 2. P^ 
type regions 4 are formed by implanting phosphorus ions as 
shown in Fig. 2B. . As shown in Fig. 2C, a N type photo 
diode region 5 and a VT type well region 6 are formed 
therebetween, respectively. Polysilicort layer 7 and 
aluminium layer 8 are formed as shown in Fig. 2D. The 
process steps described eU36ve are inconvenient because it ^ 
is difficult to adjust the depth below the n"*" type photo 
diode region 5 of the P type well region 2 where it forms a 
cusp shape as shown. 

The process steps for fabricating the CCD image 
sensor of Fig. 3 are shown in Fig. 4A to Fig. 4E. A 
shallow P type well region 9 is formed on type 
substrate 1 and an oxide layer 3 is formed on the shallow P 
type well region 9 as shown in Fig. 4A. A deep P type well 
region 10 is formed in the shallow P type well region 9 
leaving a shallow P type well region for forming the photo 
diode, as shown in Fig. 4B. Thus, the shallow P type well 
r gion 9 has a flat profile rath r thcui being formed as a 



+ 

cusp shape as in Fig. 1. P type regions 4 are formed by 
implanting phosphorus ions as shown. in Fig. 4C. After the 
ion implantation, a N*^ type photo diode sregion 5 and a 
N*" type well region 6 are formed therebetween as shown in 
Fig. 4D, and then pplysilicon layer 7 and' aluminium layer 8 
are formed as shown in Fig. 4E. The process step of Figs. 
4A to .4E can be performed more easily than the process 
steps of Figs. 2A.to 2b; but, there is a disadvantage in 
that the number of the process steps are increased. 

The operation of the conventional structure will be 
explained referring to Fig. 5. If electrons are 
accumulated in . the type photo diode region, the 
electron concentration in the N*^ type photo diode Is as 
shown by tte curve. Whesn a ^poten^ial^ilT^ £b generated in 
the type photo diode by applying threshold voltage 
V^j^ to Transfer Gate TG, the electrons in the n"*" type 
photo diode flow into the n" type well region fonning the 
vertical charge coupled device (VCCD) . 

As the impurity concentration in the N type 
substrate is higher than that of the P type well region, 
that of the P type well region being higher thcui that of 
iT type substrate, the. electrons released by incident 
light may recombine in the n"" type region. As a result, 
it is difficult to limit OFD due to the pirocess step used 
for forming the P type well region. 

Accordingly, the present invention provides a method 
of manufacturing a photo diode for a CCD image sensor, 
comprising the steps of providing a n" type substrate; 
forming an oxide layer on the N" type substrate; 
implanting ions into a selected portion of the N" 
type substrate to form an N**" type buried region; growing 

type epitaxial layer between the^ type substrate 
and the oxide layer; fonning P"*" type channel stop regions 
by implanting p"*" ions into selected pozrtions of the P 
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type epitaxial layer; and forming a N type photo diode 
region and a N'" type well between the P*^ type channel 
stop regions , the n"*^ type photo diode region being formed 
over the n"*^ type buried region. 

In another aspect, the invention provides a photo 
diode for a CCD image sensor comprising a n" type 
substrate; a P type epitaxially grown layer on the 
substrate; a n"*" type buried region between the substrate 
and the P type epitaxial layer; p"*" type channel stop 
regions in the P type epitaxial layer; a n'*' type photo 
diode region and a N" type well between the p"*" type 
channel stop regions; the n"*" type photo diode region 
being formed over the n"*" buried region. 

In the accompanying drawings: 

Fig. 1 and Fig. 3 are cross sectional views of a 
photo diode in a conventional image sensor; 

Fig. 2A to Fig. 2D are cross sectional views of the 
process steps for fabricating a CCD image sensor as in Fig. 

Fig. 4A to Fig. 4E are cross sectional views of the 
process steps for fabricating a CCD image sensor as in Fig. 
3; 

Pig. 5 shows potential profiles under the photo 
diode of a conventional CCD image sensor; 

Fig. 6 shows a cross sectional view of a photo diode 
in a CCD image sensor embodying the present invention; 

Fig. 7A to Pig. 7D are cross sectional views of the 
process steps for fabricating the CCD image sensor as in 
Pig. 6; 

Fig. 8 shows potential profiles under the photo 
diode of a CCD image sensor embodying the present invention* 

An example of the present invention will now be 
described with refer nee to Fig. 6 to Fig. 8 of the 
accompanying drawings. 



As shown in Fig. 7A, oxide layer 22, is formed on 
H' type stibstrate 21 and then n"*" ions are implanted 
into a selection portion of the N type substrate 21 to form 
a type buried region 23. 

A P type epitaxial layer 24 is then grown between 
the N" type substriate 21 and the oxide layer 22 and P 
type chahi»l stop regions 24 are formed by Implanting 
phosphorus ions into selected portions of the P type 
epitaxial layer 23 as shown in Fig. 7B. 

n"*" type photo diode region 26 and type well 
27 are formed between the P"*" type regions 25,, the N 
type photo, diode region 26 being formed over the K type 
buried region 23, as shown in Fig. 7C.° Then, polys ilicon 
layer 428 and aluminium layer 29 are* formed thereon by known 
techniigues as shown ififi Fiag. 7^P). W| 

In the CCD image sensor fabricated as d.escribed 
above, the potential profiles under the photo diode are 
represented by the curves b, c in Fig. 8 aiui the 
inclination of the curves b, c can be changed according to 
the concentration of the ion implantation in the buried 
region 23. Thus, it is easy to meet overflow drain 
requirements since the range of inqpurity concentration of 
the buried region is widely variable. As the P type 
epitaxial layer, instead of a P type well region, is formed 
on the N" type substraite, the distribution of iaqpurity 
concentration in the CCD region is uniform so that image 
character is improved, and it is possible to obtain almost 
the same effect as with h" type substcate/N type 
epitaxial layer /P type well region structures which have 
typically been used to overcome the uniformity problem. 

» Another merit of the present invention is that Lt is 
easy to optimise the photo diode as the impurity 
concentrations of the n"*" type photo Hiode region can be 
changed as required and the conventional P type well 
process is eliminated. ' 
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1. A method of manufacturing a photo diode for a CCD 
image sensor, comprising the steps of providing a N" type 

^ substrate; forming an oxide layer on the n"* type 
substrate; implanting ions into a selected portion of 
the n" type substrate to form an n"*" type buried region; 
growing a P type epitaxial layer between the N" t3rpe 
substrate and the oxide layer; forming p"*" type channel 
stop regions by implanting p"*" ions into selected portions 
of the P type epitaxial layer; and forming a N*^ type 
photo diode region and a N" type well between the p"*" 
type channel stop regixmB f tib^ phpto^diode region 

being formed oror the Itife tj^ftj^ltadciedi^ 

2. A method according to Claim 1, wherein the ion , 
implantation to form the buried n"*" type region is 
controlled to provide a predetermined potential profile 
under the n"*" type photo diode region of the completed 
photo diode. 

3. A photo diode for a CCD image sensor comprising a' 
N" type substrate; a P type epitaxially grown lay^r on 
the substrate; a type buried region between the 
substrate and the P type epitaxial layer; P**" type channel 
stop regions In the P type epitaxial layer; a N**" type ' 
photo diode iregion and a type well between the p"*" 
type channel stop regions; the n"** type photo diode region 
being formed over the h"*" buried region. 

4. A method of manufacturing a photo diode for a CCD 
image sensor, substantially as hereinbefore described with 
reference to Figs. 6 to 8 of the accompanying drawings. 
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5 • A photo diode for a CCD image sensor substantially 
as hereinbefore described with reference to and as 
illustrated in Figs. 6 to 8 of the accompanying drawings. 



